We have investigated rapidly thermo-responsive NIPA gel containing polymer surfactant PMDP (NIPA-PMDP gel) as a potential drug carrier using (+)-L-ascorbic acid as a model drug. In the NIPA-PMDP gel system micelles of polymer surfactant PMDP are trapped by the entanglement of polymer chains inside the gel networks. Therefore, in principle the gel system tightly stores targeted drug in the micelles and rapidly releases controlled amount of the drug by switching on-off of external stimuli such as temperature or infrared laser beam. In our investigation on release profile, the NIPA-PMDP gel system showed completely different releasing behavior from that of the conventional NIPA gel. The NIPA-PMDP gel released rapidly all loaded (+)-L-ascorbic acid above the phase transition temperature (ca. 34 o C), while slowly released the corresponding amount of the drug below the temperature. In contrast, the conventional NIPA gel released more slowly limited amount of the drug above the phase transition temperature while similarly did to the NIPA-PMDP gel below the temperature. The release profile of the NIPA-PMDP gel seems to be governed by only kinetics of volume phase transition of the gel network but not by the hydrophobic domains of the micelles probably because of too hydrophilic nature of (+)-L-ascorbic acid.
Introduction
Poly(N-isopropylacrylamide) (NIPA) gel has attracted considerable attention from both academic and technological aspects [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . NIPA gel undergoes an abrupt volume change at the phase transition temperature (ca. 34 o C) [1] . The abrupt volume change can be utilized in promising application of drug delivery systems [9] [10] [11] [12] [13] [14] [15] . Several strategies have been reported to realize much more rapid volume change of NIPA gels for better application of them [5] [6] [7] [8] polymer surfactant poly (2-(methacryloyloxyl) decylphosphate) (PMDP) (cf. Scheme 1) [16, 19] and have studied on bimorph-structured gel actuators [17] . We have also succeeded in synthesis of cylindrical microgels of the system [18] . The gel system shows rapid volume change by stimulus of temperature as well as laser beam irradiation [16] . Structurally the gel system contains the trapped micelles of PMDP inside the NIPA networks. Therefore, at least in principle the gel system tightly stores targeted drug in the micelles and rapidly releases controlled amount of the drug by switching on-off of external stimuli such as temperature or infrared laser beam.
Herein we report on controlled-releasing profile of the NIPA-PMDP gel system using (+)-L-ascorbic acid and temperature as a targeted drug and a stimulus, respectively.
Materials and methods
Cylindrical NIPA-PMDP and NIPA gels were synthesized according to the procedure previously reported elsewhere [16] . The NIPA-based gels were synthesized by a free-radical polymerization as follows: 0.044 g of PMDP, 0.87 g of NIPA (cf. was calculated by calibration with a standard concentration curve which was prepared using chromatographic peak at retention time of 1.28. In the HPLC method the time-dependant cumulative amount was not normalized.
Results and discussion
As previously reported [16] , the NIPA-PMDP gel shows five-fold and four-fold greater water-absorbencies than simple NIPA gel in pure water and in 0.15 M NaCl solution, respectively.
And the phase transition temperature of the NIPA-PMDP gel was interestingly comparable to that of the conventional NIPA gel, both in pure water and in 0.15 M NaCl solution. It is important to note that the NIPA gel has been extensively studied as a candidate of DDS mainly because its transition temperature is ca. 34 °C, which is comparable to body temperatures [12] .
The NIPA-PMDP gel also shows significantly rapid volume change (∆V%) than that of NIPA gel at 43 o C [16] . The NIPA-PMDP gel shows ∆V% of 88% within 30 min, and subsequently collapsed within 120 min; in contrast, the NIPA The rapid release above the transition temperature was explained by the rapid volume phase transition of the gel system [16] , as shown in Figure 7 . The NIPA-PMDP gel showed drastic volume change during the phase transition while the NIPA gel showed much less volume change at the same temperature range since well-known skin formation. The difference of release profiles between the NIPA and the NIPA-PMDP gels above the temperature exactly reflected the difference of the volume change during the phase transition [16] . The similar release profile below the transition temperature was suggested that the 
